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(57) ABSTRACT

A method for reclamation of atmospheric water uses a water
reclamation chamber (1) with water reclamation cells (2)
and variable high-performance blowers (3). In this occurs by
means of cooling collectors (6) during the nighttime the
cooling of a coolant stored in a cooling resorvoir (7), and
during the daytime operation by means of solar collectors
(8) occurs the heating of a further fluid stored in a heat
reservolr, so that the coolant that 1s cooled during the night
for the purpose of water reclamation cools by day and/or
night the cooling registers through which air flows. At these
cooling registers, the air 1s dehumidified so that the heat-
accumulating fluid by day and/or by night 1s used for the
generation of energy for the operation of the equipment
and/or for the extraction of water.

34 Claims, 9 Drawing Sheets
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1
ATMOSPHERE WATER RECOVERY

DESCRIPTION

The 1nvention concerns a method and a device for the
reclaimation of atmospheric water.

STATE OF THE TECHNOLOGY

As far as the relative humidity i1s concerned, contrary
conditions exist, depending on seasons and regions, In
Arabic, African, Asiatic and Southern European countries.
During the day, there 1s 1n parts a very high and 1n parts a
very low relative atmospheric humidity 1 the various coun-
tries.

In contrast, during the nighttime, in the interval between
sundown and sunrise with falling temperatures (around the
32° F. mark), the relative atmospheric humidity rises in
almost all countries almost steadily up to 100%. That 1s why
the 1nhabitants of these regions employ well tried but
antiquated implements. In order to be able to meet at least
the absolutely minimum demand in drinking water, they
attach stones to trees and shrubs or walls, which are heated
during the day by the sun and on which during the night the
relative atmospheric humidity condenses. Likewise small
amounts of water are retrieved from the atmosphere during
the nighttime in plastic or aluminum foils and the like, which
are stretched 1n a concave shape.

In the interim, machines/devices are known with which
one extracts small amounts of water from the atmosphere
according to the condensation principle. Methods with
machines/devices with which one extracts large amounts of
water from the atmosphere, with renewable energies, 1n a
targeted way, efficiently, and calculable 1n advance, around
the clock, mm day- and nighttime operation with the use of
cooling and heating registers, are not known. The descrip-
tions refer mainly to functional technologies. Clear
definitions, with which large amounts of water are extracted
from the atmosphere, in daytime operation with cooling and
in nighttime operation with heating, around the clock, 1n a
targeted way, elliciently, and calculable 1n advance, cannot
be learned from these descriptions.

The functions and technologies of these known machines
are described 1n the below-mentioned specifications and
patent applications as follows:

1. U.S. Pat. No. 4,433,552

. U.S. Pat. No. 5,301,516

. Specification No. DD 285142 A 5/E 03 B 3/28

' DT 25 35 668/F 25 J 3/00

DE 3208 964 A 1/E 03 B 3/28
DE 3311 711 A 1/E 03 B 3/283
EP 0597716 A 1/E 03 B 3/28
RU 20 00 393 C/E 03 B 3/28

. Disclosure document RU 2004719 C 1/E 03 B 3/28

10. Disclosure document No. 80 26 660/24 96 080/E 03
B

11. Patent application No. 19737483.2-11

. Disclosure document

Disclosure document
. Disclosure document
. Disclosure document

Disclosure document

O 00 1 N R W

C
C
C
C
C
C

PURPOSE AND ADVANTAGES OF THE
INVENTION

The underlying purpose of the invention is to develop a
method and a device which by day and night utilizes the
alternative energy sources that are available in dry regions
for the reclamation for water; in particular, a machine/device
for the reclamation of atmospheric water shall be created
with which, using renewable energies, during the daytime
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2

with cooling systems and during the nighttime with heating
systems the high relative atmospheric humidity 1s absorbed
and 1n a targeted way, efficiently and calculable 1n advance,
around the clock large amounts of water are extracted from
the atmosphere, which serve for the population’s supply of
drinking and service water as well as for irrigation.

Pursuant to the mmvented method, both cooling energy and
heat energy are utilized for the reclamation of water from the
atmosphere. Herein lies an advantage over known machines
in particular through the use of heat energy, which 1 dry
regions 1s generally abundant during the daytime. Thus,
through the storage of heat energy collected during the day,
a solar chimney (or upwind) power station for the generation
of electric energy 1s operated during the night, whereby the
electric energy finds application for the cooling of a coolant,
which by means of cooling registers 1s utilized for the
dehumidification of the air. Furthermore, the invention envi-
sions to designate the heat energy during the night also for
the generation of air currents and thereby economize the
electric energy for the operation of ventilators which blow
the air that 1s supposed to be dehumidified through the
cooling registers.

The advantage of this machine/device for the reclamation
of atmospheric water 1s that it can be used 1n arid countries
and regions, as for instance in karstlands (rocky deserts),
desert regions and remote settlements, 1.. 1n regions where
there 1s little or no precipitation which could supply these
with water for drinking and domestic use as well as for
Irrigation.

The same applies to regions whose groundwater table has
sunk so low that contaminations threaten or are already
present, or which cannot be reached by the pipelines of

desalination plants, or whose water supply by tank trucks is
too costly.

Beyond this, the machine/device for the reclamation of
atmospheric water 1s designed to provide the service water
supply in tourist centers (e.g. for bathrooms, toilets, and
swimming pools). Through the use of this machine/device
the groundwater resources are disencumbered considerably,
as to this day approximately 75% of the valuable ground-
water 1s wasted on 1irrigation.

A great advantage 1s that with this machine/device the
atmospheric water cycle 1s closed. After the irrigation, the
water extracted from the atmosphere evaporates again mnto
the atmosphere, 1s extracted again, evaporates again, and so
On.

A further advantage of this machine/device for the recla-
mation of atmospheric water 1s that with renewable energies,
combined cooling and heating systems are run which make
the 24-hour night and day operation of the machine/device
possible. The coolants are cooled during the night with
cooling collectors, are stored aboveground or belowground
out of the way in multi-chamber thermo-reservoirs and
during the daytime-operation are fed to the cooling registers.

In the same way, explosion-proof boiling oils or other
heat-accumulating fluids are heated during the day waith
solar collectors, are stored aboveground or belowground out
of the way 1in multi-chamber thermo-reservoirs and during
the nighttime-operation are fed to the heating registers.
Through the use of renewable energies, the entire process of
water reclamation requires no conventional energies. The
power demand for the continuously variable high-
performance blowers, circulating and dosing pumps, the
clectronic control as well as the regulation and measuring
instruments etc. 1s supplied by photo-voltaic equipment. A
battery station, which 1s fed by the photo-voltaic equipment,
supplies the energy for the nighttime operation. Thereby the
machine/device 1s completely network-independent and can
be 1nstalled at any place at all, in the desert, mountains etc.
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As far as the size/dimension and output are concerned, the
machine/device can be adapted individually to any water
demand.

Further advantages and details of the mmvention become
evident in the drawings and are more closely explained in
the construction examples (embodiments) that are illustrated
subsequently.

DISPLAYED IS IN

FIG. 1 a perspective general view for the machine/device
for the reclamation of atmospheric water, with all externally
visible units and subassemblies,

FIG. 2 a perspective, partially cut view of the machine/
device with the internal fittings installed,

FIG. 3 a stylized representation of the continuously vari-
able high-performance blowers,

FIG. 4 a stylized representation of the combined cooling
and heating registers,

FIG. § a view of the cooling collectors showing the detail
of the cooling fins (ribs),

FIG. 6 a stylized representation of the multi-chamber
thermo-reservorlr,

FIG. 7 a view of the solar cells (8) which each can be
pivoted by 450,

FIG. 8 a schematic diagram of key components of the
machine, and

FIG. 9 a schematic diagram of a variant of the machine
represented partially 1n FIG. 8.

DESCRIPTION OF THE CONSTRUCTION
EXAMPLES

As per the perspective general view 1 FIG. 1 or the
perspective, partially cut view m FIG. 2, the invented
machine/device for the reclamation of atmospheric water
consists of a water reclamation chamber (1) in the shape of
a container or ashlar/parallelepiped, in which all units
important to the water reclamation are integrated. The
geometric shape of the water reclamation chamber (1) is not
fixed on any norm, either 1n dimension or on variants in the
internal and external partitioning. The dimensions (width,
height, length) of the water reclamation chamber (1) depend
on the required amount of water that has to be reclaimed
from the atmosphere.

To make possible a targeted, efficient reclamation of
atmospheric water that 1s calculable in advance, the follow-
ing units, assemblies and subassemblies, to which also

belong measuring and regulating instruments, are prerequi-
site.

These are: the water reclamation chamber (1), the water
reclamation cells (2), the continuously variable high-
performance blowers (3), the cooling registers (4), heating
registers (5), the cooling collectors (6), the multi-chamber
thermo-reservoir (7), the solar collectors (8), the electronic
control (10), the large-scale cooling installation (14), the
refrigerating machine (15), the cold-water misting nozzles
(17), the photo-voltaic power plant (40), the battery station
(41) and the emergency backup generator (16).

In the front of the water reclamation chamber (1) are the
continuously variable high-performance blowers (3), the air
intake openings (36), and the electronic control (10).

Service doors (20) are fitted on the right and the left-hand
side of the water reclamation chamber (1). These enable the
unhindered access to the water reclamation cells (2) when
doing service or assembly work. Located 1n the rear roof
area 1s the air exit opening (37).

On the roof and away from the water reclamation cham-
ber (1) are the solar collectors (8) and offside the below-
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4

ground or aboveground multi-chamber thermo-reservoir (7)
for the coolants and boiling oils, the photo-voltaic power

plant (40), the battery station (41), and the emergency
backup generator (16).
The Assemblies of the Machine/Device for Water Reclama-

tion

As per the invention, the water reclamation cell (2) is an
independent assembly with all the subassemblies necessary
for the water reclamation, as for istance the continuously
variable high-performance blowers (3), the combined cool-
ing and heating registers (4, 5). The cooling registers (4) are
supplied with coolants which during the nighttime are
cooled with cooling collectors (6), are stored out of the way
in belowground or aboveground multi-chamber thermo-
reservoirs (7) and during the day are fed to the cooling
registers (4) with merge valves and dosing pumps. Addi-
tional coolant supply, should necessity require it, occurs via
a large-scale cooling installation (14) and with cold-water
misting nozzles (17). The heating of the heating registers
takes place with explosion-proof boiling oils or other heat-
accumulating fluids which during the day are heated by the
solar collectors (8), are stored out of the way in belowground
or aboveground multi-chamber thermo-reservoirs (7) and
during the nighttime operation are fed to the heating regis-
ters (4) with customary merge valves and dosing pumps. If
necessary, the heating registers are supplied by an emer-
gency back-up generator (42). The regulation of the dosing
pumps with which the coolants and the explosion-proof
boiling o1ls or other heat-accumulating fluids are transported
into the cooling registers (4) or heating registers (5) is
performed by the electronic control (10). The circulation of
the coolants or of the explosion-proof boiling oils or other
heat-accumulating fluids between the cooling collectors (6)
or the solar collectors (8) and belowground or aboveground
multi-chamber thermo-reservoirs occurs by means of cus-
tomary circulating pumps. Further parts of the equipment of
the water reclamation cell (2) include the measuring and
regulation instruments (temperature and other sensors etc.)
necessary to the temperature regulation. For the effective
reclamation of atmospheric water, several, serially con-
nected water reclamation cells (2) are required. All data
acquired in the interior of the water reclamation cell (2) are
transferred to the electronic control (10), where they are
interpreted and converted for the further water reclamation
Process.

The continuously variable high-performance blowers (3)
are among the most important units of the machine/device as
they transport the necessary air current, which makes pos-
sible a steady reclamation of atmospheric water, 1nto the
interior of the water reclamation chamber (1) and further-
more into the individual water reclamation cells (2). They
are located on the front of the water reclamation chamber (1)
and 1n the interior of the individual water reclamation cells
(2). The continuous adjustability of the high-performance
blowers (3) is among the most important prerequisites for a
targeted and 1n advance calculable reclamation of atmo-
spheric water. With the continuously variable high-
performance blowers (3) on the front side of the water
reclamation chamber (1), great volumes of humid air masses
are transported into the first water reclamation cell (2) and
there are partially dehumidified. The onward transport into
the subsequent water reclamation cells (2) for post-
dehumidification of the air masses 1s done by the continu-
ously variable high-performance blowers (3), which are
located 1n the 1nterior of each succeeding water reclamation
cell (2) (see FIGS. 1 and 2). The continuously variable
high-performance blowers (3) in the interior of the water
reclamation cell (2) suck in the air flow from the previous
cooling/heating register (4, 5) and transport it to the subse-
quent cooling/heating register (4, §).

When the relative air humidity rises, the revolutions speed
of the continuously variable high-performance blowers (3) is
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reduced or one or two high-performance blowers (3) are
turned off. If on the other hand the relative air humidity
decreases, either the revolutions speed of the continuously
variable high-performance blowers (3) is increased or one or
two more high-performance blowers (3) are turned on.
Thereby the volume of the airflow and thus the water amount
that was supposed to be extracted from the atmosphere, as
calculated 1n advance, always remains uniform. The energy
is supplied by photo-voltaic installations (40).

The entire process 1s monitored and controlled by the
electronic regulation (10). Malfunctions or possible outages
of high-performance blowers (3) are transmitted via radio by
the electronic regulation to the operational control room.

The coils, bearings, and gaskets of the continuously
variable high-performance blowers (3) were specifically
designed for the rigorous longtime use under extreme
weather conditions in tropical and subtropical regions.
Annotation Concerning the Physical Process for the Recla-
mation of Atmospheric Water

It 1s a law of physics that the warm relative air humidity
always condenses at the coldest point. In contrast, the cold
relative air humidity always condenses at the warmest point.
Prerequisite is that a temperature difference of about 20° C.
1s created between 1n front of the machine/device and 1nside
the machine/device. That 1s the basis for the functional
principle of the machine/device for the reclamation of
atmospheric water 1n day-and-night-operation.

EXAMPLE

The water content in one cubic meter (35.316 cu ft) of air,
at a temperature of 55° C. (131° F.) and a relative air
humidity of 90% moves at approximately 0.06 kg (0.1323
Ibs). That means that for 1,000 liter reclaimed water per hour
approximately 16.666 m> (588.58 ft°) of air have to be
dehumidified.

The combined cooling and heating registers as per the
invention (4, 5) which are located in the water reclamation
cells (2), consist of a bicameral system. They were designed
for the bi-functional 24-hour day-and-night-operation. The
coolants for the cooling registers (4) are cooled during the
night with cooling collectors (6), are stored out of the way
in aboveground or belowground multi-chamber thermo-
reservoirs (7), and from there are fed during the day to the
cooling registers (4) by means of merge valves and dosing
pumps. Should it become necessary, a large-scale cooling,
installation (14) and further cold-water misting nozzles (17)
are run in addition. The heating of the heating registers (5)
occurs with explosion-proof boiling oils or other heat-
accumulating fluids that are heated during the day by solar
collectors, are stored out of the way 1n belowground or
aboveground multi-chamber thermo-reservoirs (7), and are
fed during the nighttime operation to the heating registers by
means ol merge valves and dosing pumps. The entire
cooling and heating process 1s monitored and controlled by
the electronic regulation (10).

Through the combination of cooling and heating registers
(4, 5), inevitably the surface cross-section is enlarged. That
means during daytime operation the cooling register 1is
forcibly cooled and during the nighttime operation the
heating register 1s forcibly heated. The result of the enlarged
surface cross-section means an additional, i1ncreased,
reclaimed amount of water.

The changeover from daytime to nighttime operation and
vice versa 1s controlled by sensors and happens through the
electronic regulation (10). The dimensions of the combined
cooling and heating registers correlate to the measurements
of the performance-related water reclamation cell (2). For
regions 1n which during the day there 1s only little relative
air humidity or none at all, and 1if the use of cooling systems
would be too expensive, only heating registers (§) are
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recommended. For 1n these regions there 1s a very high
relative air humidity during the nighttime.

The Assembly: Cooling Collectors (6) and the Multi-
Chamber Thermo-Reservoir (7)

The cooling collectors (6) and the belowground or above-
ground offside multi-chamber thermo-reservoir (7), as laid
out 1n the invention, form an independent assembly which
for the reclamation of atmospheric water supplies the cool-
ing registers (6) with coolants during the day when the
temperature rises to nearly 131° F. (55° C.) and the relative
air humidity to approximately 100%.

So as to increase the surface cross-section and the cooling,
capacity, the cooling collectors (6) are equipped with cool-

ing fins (ribs) (19). The cooling collectors (6) and the
multi-chamber thermo-reservoir (7) are individually adapted
in size and volume to any water reclamation demand and can
also be run apart from the installation. During the day, the
cooling collectors (6) have to be protected from
UV-radiation with coverings (43), so as to avoid an over-
heating of the coolants. If there are fluids that can be used
both at high and at low temperatures, then these are to be
used. Customary circulating pumps perform the circulation
of the coolants between the cooling collectors (6) and the
multi-chamber thermo-reservoir(s) (7). The transport of the
coolants from the multi-chamber thermo-reservoir(s) (7),
which can be located aboveground as well as belowground,
to the cooling registers (4) is performed by customary merge
valves and dosing pumps. Should for atmospheric or tech-
nical reasons the coolant supply not suffice, the electronic
regulation 1nevitably turns also the large-scale cooling
installation (14) on and, at further demand, the cold water
misting nozzles (17) as well. The entire temperature
regulation, the control of the dosing and circulating pumps,
including all switching and flow processes for the daytime

and nighttime operation, 1s performed by the electronic
regulation (10). The

Assembly: Solar Collectors (8) and the Multi-Chamber
Thermo-Reservoir (7)

The solar collectors (8) and the aboveground or below-
ground multi-chamber thermo-reservoir (7) likewise form
an 1mndependent assembly which, for the reclamation of
atmospheric water, supplies the heating registers (§) with
explosion-proof heating oils or other heat-accumulating
fluids during the nighttime when the temperatures drop to
nearly 41° F. (5° C.) and the relative air humidity rises to
approximately 100%.

The explosion-proof boiling oils or other heat-
accumulating fluids are heated during the day with solar
collectors (8) and are transported with circulating pumps
into multi-chamber thermo-reservoirs (7). Circulating
pumps perform the circulation of the explosion-proof boil-
ing oils or other heat-accumulating fluids. Should that be
necessary, the heating registers (5) are supplied by an
emergency backup generator (42).

The solar collectors (8) and the multi-chamber thermo-
reservoirs (7) are individually adapted in size and volume to
any water reclamation demand and can also be run apart
from the installation. A mechanical, electrical, or hydraulic
mechanism makes 1t possible that the solar collectors follow
the course of the sun by 135°, in steps of 45° at a time, and
thus increase the energy output considerably.

During the night the solar collectors have to be covered
with an 1nsulated casing, so as to avoid a super-cooling of
the boiling o1ls or other heat-accumulating fluids. If there are
fluids that can be used both at high and at low temperatures,
then these are to be used. Customary circulating pumps
perform the circulation of the boiling oils or other heat-
accumulating fluids from the solar collectors (8) to the
multi-chamber thermo-reservoir(s) (7), which can be located
aboveground as well as belowground. The multi-chamber
thermo-reservoirs (7) can be filled both with coolants and
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with boiling oils or other heat-accumulating fluids. Custom-
ary merge valves and dosing pumps perform the transport of
the boiling oils or other heat-accumulating fluids from the
multi-chamber thermo-reservoir (7) to the heating registers

(5).

The entire temperature regulation, the control of the
dosing and circulating pumps, including all switching and
flow processes for the daytime and nighttime operation, 1s
performed by the electronic regulation (10).

The freely programmable electronic regulation (10) as
laid out 1n the invention was designed specifically for use in

installations for the reclamation of atmospheric water.
Computerized, 1t monitors, on several channels, all
functions, calculates and analyzes target values and actual
values and regulates all control processes according to base
values, 1n the interior as well as the exterior of the 1nstal-
lation. It switches from nighttime to daytime operation and
vice versa. It can be operated manually and by remote
control.

The amount of water that 1s to be extracted 1s prepro-
grammed in cubic meter/hour (m>/h). Then all further steps
are performed automatically by the electronic regulation.
The relative air humidity and the outside temperature are
measured, likewise the temperature in the water reclamation
cells (2) and the cooling and heating registers (4, 5). Then
takes place the calculation of the necessary airtflow, the
rotation speed of the continuously variable high-
performance blowers (3) in front of and inside the machine/
device.

During the nighttime, the coolant temperature 1s moni-
tored and regulated in the cooling collectors (6) and in the
coolant thermo-reservoir (7). Should it become necessary,
the large-scale cooling installation (14) and the refrigerating
machine (15) are also turned on and adapted to the pre-set
values.

Also measured are the temperature of the explosion-proof
boiling oils or other heat-accumulating fluids 1n the thermo-
reservoirs (9), the heat values of the solar collectors (8), and
the flow rate of the dosing pumps during the nighttime
operation.

If during the daytime operation the relative air humidity
and the external temperature rise, the rotation speed of the
continuously variable high-performance blowers (3) is
reduced or some are turned off. Parallel to this, the cooling
performance 1s mcreased. When relative air humidity and
temperatures decrease, the rotation speed of the conftinu-
ously variable high-performance blowers (3) is increased,
some are added, and the cooling performance reduced. This
process repeats 1tself during the nighttime operation
inversely when the cool, humid air masses have to be heated.
Likewise, the amount of extracted water 1s measured. If 1t 18
too low, some more continuously variable high-performance
blowers (3) are turned on or their rotation speed is increased
and the cooling or heating 1s adapted to the measured values.

Likewise, the amount of extracted water 1s recorded. If 1t
1s too low, some more continuously variable high-
performance blowers (3) are turned on or their rotation
speed and the cooling or heating 1s increased. The tempera-
ture and the relative air humidity at the air exit opening (36)
always has to be kept constant, 1t must neither fall below nor
exceed the tolerance range. Also monitored and controlled 1s
the photo-voltaic installation with the appendant battery
station which supplies the energy for the continuously
variable high-performance blowers (3), the dosing and cir-
culating pumps and the measuring and regulating instru-
ments.

All ascertained data are recorded, as are any dysfunctions,
and transmitted by radio to the operational control room,
which 1s also able to itervene in the operating procedure.
During assembly and service work, the f{freely
programmable, electronic regulation (10) is run manually.
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The cold-water misting nozzles (17) are only used during
daytime operation and serve as emergency backup in order
to maintain the temperature difference of approximately 20°
C. in the interior of the water reclamation cell (2) for the
additional chill-shock, when the coolant supplies in the
multi-chamber thermo-reservoir (7) no longer suffice.

The water treatment for the cold-water misting nozzles
(17) occurs through a refrigeration machine (15). The nec-
essary water 1s taken from the water collection tank 1n
allotments. The energy supply occurs through a photo-
voltaic installation (40), a battery station (41), or through an
emergency backup generator (42). The control of the regu-
lating and switching operations i1s performed by the elec-
tronic regulation (10).

The photo-voltaic installation (40) and the battery station
(41) form an independent assembly. The purpose of the
photo-voltaic installation (40) is to supply the continuously

variable high-performance blowers (3), the electronic regu-
lation (10), the dosing and circulating pumps, and the
measuring and regulating instruments with energy.

At least two photo-voltaic installations (40) with a capac-
ity of 50 kWh should be used. The second photo-voltaic
installation (40) supplies the battery station (41) during the
day with energy which 1s needed for the nighttime operation
of the machine/device. The battery station 1s construed in
such a way that the energy supply for the variable high-
performance blowers (3), the electronic regulation (10), the
dosing and circulating pumps, and the measuring and regu-
lating instruments lasts from sundown to sunrise and still has
reserves. Prior to being fed into the machine/device, the
energy 1s transformed from direct current to alternating
current.

With advancing technology the machines/devices are run
100% with energy from photo-voltaic installations (40).
Annotation: Dosing and circulation pumps, merge valves,
measuring, conftrolling and regulating instruments are

bought-in parts customary in trade and not described in
detail.

The Function of the Machine/device for the Reclamation of
Atmospheric Water

Prerequisite for a successtul, efficient and in advance
calculable reclamation of atmospheric water 1s a temperature
difference of about 20° C. between the external temperature
and the temperature in the water reclamation cells (2). At
this temperature difference, the dew point occurs and the
relative air humidity condenses during the day at approxi-
mately 55° C. (131° F.) with a relative air humidity of about
90% on the cooling registers at the coldest point, and during
the night at approximately 5° C. (41° F.) with a relative air
humidity of about 100% on the heating registers at the
warmest point.

The percentage rate of the relative air humidity 1s the basis
for calculating the volume of the airflow, which 1s trans-
ported by continuously variable high-performance blowers
(3) into the first water reclamation cell (2) and led by means
of continuously variable high-performance blowers (3)
through the subsequent ones for further dehumaidification. A
complete dehumidification is not intended, since 1t would be
out of all proportion to the energy input.

The coolants for the cooling registers (4) for the daytime
operation are cooled during the nighttime at temperatures
around 5° C. (41° F.) with cooling collectors and stored in
the aboveground or belowground multi-chamber thermo-
reservoirs (7). Should the coolants during daytime operation
not suffice, an additional large-scale cooling installation (14)
is turned on. In addition, cold-water misting nozzles (17) can
be turned on as well, which i1ncrease the chill-shock and
whose water is treated by a refrigerating machine (15). The
water for the cold-water misting nozzles (17) is taken from
the water collection tank (18). During nighttime operation,
the heating registers (§) are heated with explosion-proof

™
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boiling o1ls or other heat-accumulating fluids. The fluids are
heated during the day with solar collectors (8), are stored in
aboveground or belowground multi-chamber thermo-
reservoirs (7) and are transported during the nighttime
operation with dosing pumps to the heating registers.

With the use of two photovoltaic installations (40) with 50
kWh each and a battery station (41) for the energy supply
during nighttime operation, the machine/device can be run
network-independent 1 24-hour day-and-night operation.

In conclusion, the humidity content and the air tempera-
ture 1s measured at the air exit opening (36).

The water thus extracted 1s channeled into one or several
water collection tanks and from there transferred to the
different consumer positions.

The changeover from nighttime to daytime operation
takes place via the electronic regulation (10).

Annotation: The warm relatively humid air masses always
condense on the coldest point. The cold relatively humad air
masses always condense on the warmest point.

FIG. 8 shows a schematic depiction of key components of
a water reclamation installation 50. In detail, a water recla-
mation chamber 1 with a cooling register 4 and a heating
register 5, a cold reservoir 51, cooling collectors 52, a heat
reservolr 53, and heating collectors 54 are depicted. Through
the cooling collectors 52 flows a medium 355, which trans-
mits the accumulated coldness via a heat exhanger 56 to a
cooling agent 57 located in the cold reservoir 51. Through
the heating collectors 54 flows a medium 58, which trans-
mits the accumulated heat via a heat exchanger 59 to a
heating agent 60 located in the reservoir 83. The medium 55
cools down at night by flowing through the cooling collec-
tors 52. The medium 58 warms up during the day by tlowing
through the heating collectors 54. For the purpose of dehu-
midification of ambient air, an air current 1n arrow direction
X 1s created by means of non-depicted blowers. The air
flowing through the water reclamation chamber 1 1s cooled
at the cooling register 4 and dehumidified whereby the water
discharging from the air is channeled into a collection device
that 1s not shown. The cooling of cooling register 4 occurs
by means of the coolant 57 which 1s taken from the cold
reservolr 5 and returned to 1t whereby the coolant, after
flowing through the cooling register 4, shows an elevated
temperature. The heating register 5, which 1s operated via
heat reservoir 533 through heating agent 60, functions analo-
gously.

FIG. 9 shows a construction variant of the water recla-
mation installation shown in FIG. 8. Through the heat
reservolr 33 and the heat collectors 54 a heating unit 61 1s
formed which by means of heating agent 60 supplies that
heating register 5 located 1n a lower area 62 of a tower 63.
Heat collectors 54 are solar collectors through which a
medium flows for heat transport. A cooling unit 64 1s formed
through cold reservoir 51 and the cooling collectors 52,
which by means of cooling agent 57 supply cooling register
4 located in an upper areca 65 of tower 63. The tower (or
chimney) 63 is designed with openings in a bottom side 66
and a top side 67. The operation of the tower 63 occurs at
night when the ambient air 1s cool. Through the heating of
heating register 5 1n the lower area 62 of tower 63, an
upwind current in arrow direction y 1s created 1n an interior
room 68. This has the effect that large air masses flow past
the chilled cooling register 4 located 1 the upper area 65 of
tower 63 and that there the flowing air 1s dehumidified
through cooling, whereby the water 1s collected 1n the upper
arca 65 of tower 63 and 1s channeled from tower 63 through
a pipeline 69 1n a collection container 70. For the operation
of the tower 1t 1s of course necessary that the cooling register
4 have a temperature that 1s so far below the temperature of
the flowing air that condensation takes place. According to
a non-depicted construction variant the tower 1s intended to
run at night as a solar chimney (or upwind) power station.
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With such an operation, only the heating register 1s used and
in the upper area of the tower a propeller 1s located which
powers an electric generator. Furthermore 1t 1s also conceiv-
able to run the tower during the day as a descending wind
power station by running a cooling register which cools the
alr 1n the tower and causes 1t to flow 1n arrow direction v.

The water reclamation 1nstallation, as laid out in the
invention, 1s not restricted to the depicted and described
construction examples (embodiments), construction charac-
teristics and geometrical depictions. Rather, 1t encompasses
also all professional continuing developments within the
scope of the idea underlying the invention. Pumps, valves
and pipelines are bought-in parts customary in trade and
therefore were not further described or shown.

REFERENCE LIST
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15 refrigerating machine

16 emergency backup generator
17 cold water misting nozzles

18 water collection tank
19 cooling fins (ribs)
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42 emergency backup generator
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52 cooling collector
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64 cooling unit
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68 1nterior

69 pipeline

70 collection container




US 6,799,430 B2

11

What 1s claimed 1s:
1. Method for reclamation of atmospheric water with a

water reclamation chamber (1) with water reclamation cells
(2) and variable high-performance blowers (3),

the method comprising:

cooling a coolant (57) stored in a cooling reservoir (7, 51)
during nighttime operation, by means of cooling col-

lectors (6, 52), and

heating a heat-accumulating fluid (60) stored in a heat
reservoir (33) during daytime operation by means of
solar collectors (8, 54),

wherein the coolant that 1s cooled during the night for the
purpose of water reclamation cools, by day and/or
night, cooling registers through which air flows, and

g

herein, at said cooling registers, air 1s dehumidified,

hereby the heat-accumulating fluid (60) by day and/or
by night 1s used for the generation of energy for the
operation of equipment (50) and/or for the extraction of
wafter,

g

wherein there occurs, during nighttime operation, a
removal of humidity from cool air masses of high
humidity in particular through heating of combined
cooling registers (4) and heating registers (5).

2. Method according to claim 1, wherein during the
daytime and/or nighttime operation a removal of humidity
occurs from hot or cool air masses that are present in an
environment through cooling of the air masses at cooling
register (4).

3. Method according to claim 1, wherein an energy supply
of electric users such as high-performance blowers (3),
dosing and circulating pumps, merge valves, measuring and
regulating instruments, 1s provided through photo-voltaic
equipment (40) whereby the energy attained through the
photo-voltaic equipment (40) is stored in particular in bat-
teries (41).

4. Method for reclamation of atmospheric water with a
water reclamation chamber (1) with water reclamation cells
(2) and variable high-performance blowers (3),

the method comprising:

cooling a coolant (57) stored in a cooling reservoir (7, 51)

during nighttime operation, by means of cooling col-
lectors (6, 52), and

heating a heat-accumulating fluid (60) stored in a heat
reservoir (53) during daytime operation, by means of
solar collectors (8, 54),

wherein the coolant that 1s cooled during the night for the
purpose of water reclamation cools, by day and/or
night, cooling registers through which air flows, and

wherein, at said cooling registers, air 1s dehumidified,

whereby the heat-accumulating fluid (60) by day and/or
by night 1s used for the generation of energy for the
operation of equipment (50) and/or for the extraction of
water,

with a water reclamation chamber (1) shaped like a
container, rectangle or parallelepiped, in which are
located several water reclamation cells (2) and into
which great volumes of humid air masses are trans-
ported by means of continuously variable high-
performance blowers (3), whereby, through the use of
combined cooling and heating registers (4, 5), during
the daytime humidity 1s extracted from great volumes
of hot air masses through cooling and during the
nighttime operation through heating, whereby during
the nighttime the coolant (57) is cooled cooling col-
lectors (6, 52) and is stored particularly out of the way
in aboveground or belowground in multi-chamber
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thermo-reservoirs (7) and during the day, by means of
solar collectors (8, 54), the explosion-proof boiling oils
or other heat-accumulating fluids (60) are heated and
stored particularly out of the way 1n aboveground or
belowground in multi-chamber thermo-reservoirs (7,
51, 53), whereby the multi-chamber thermo-reservoirs
(7, 51, 53) are intended both for coolants (§7) and for
explosion-proof boiling o1ls or other heat-accumulating
fluids (60), an electronic regulation (10) monitors and/
or regulates and/or controls all operational and switch-
ing activities inside and outside the installation (50),
and the energy supply of the continuously variable
high-performance blowers (3) in particular, of the dos-
ing and circulating pumps, of the merge valves and the
measuring and regulating instruments occurs via the
photo-voltaic equipment (40) whereby a associated
battery station (41) which during the day is supplied
with electricity by the photo-voltaic equipment (40)
and which supplies the energy for the nighttime opera-
tion and whereby as a contingency a large-scale cooling
installation (14) is intended and a refrigerating machine
(15) for the operation of additional cold water misting
nozzles (17) and for the supply of the cooling registers
(§7), and furthermore in particular an emergency
backup generator (42) heats in case of an emergency in
multi-chamber thermo-reservoirs (7, 51, 53) the
explosion-proof boiling oils or other heat-accumulating,
fluids (60) which are intended for the operation of the
heating registers (5).

S. Device for execution of the method of claim 4, wherein
the heat-accumulating fluid comprises explosion-proofed
boiling o1l.

6. Device for the execution of a method for reclamation
of atmospheric water with a water reclamation chamber (1)

with water reclamation cells (2) and variable high-
performance blowers (3),

the method comprising:

cooling a coolant (57) stored in a cooling reservoir (7, 51)

during nighttime operation, by means of cooling col-
lectors (6, 52), and

heating a heat-accumulating fluid (60) stored in a heat

reservoir (53) during daytime operation, by means of
solar collectors (8, 54),

wherein the coolant that 1s cooled during the night for the
purpose ol water reclamation cools, by day and/or
night, cooling registers through which air flows, and

herein, at said cooling registers, air 1s dehumadified,

g

hereby the heat-accumulating fluid (60) by day and/or
by night 1s used for the generation of energy for the
operation of equipment (50) and/or for the extraction of
walter,

g

wheremn the entire installation, in particular the high-
performance blowers (3), dosing and circulating
pumps, merge valves, measuring and regulating instru-
ments are regulated and/or controlled through elec-
tronic regulation, and

wherein 1n case of an emergency a large-scale cooling
installation (14) and a refrigerating machine (15) are
available for additional cold water misting nozzles (7)
which supplies the cooling registers (4) with coolant
and that through an emergency backup generator (16)
the fluid in the in multi-chamber thermo-reservoirs (53)
1s heated.

7. Device according to claim 6, wherein the cooling
registers (4) are designed as combined cooling registers (4)
and heating registers (5).
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8. Device according to claim 6, wherein die coolants are
stored 1n aboveground and/or belowground multi-chamber
thermo-reservoirs (7).

9. Device according to claim 6, wherein the heat-
accumulating fluid (60) is stored in multi-chamber thermo-
reservoirs (33).

10. Device according to claim 6, wherein the water
reclamation chamber (1) in the shape of a container,
rectangle, or parallelepiped, contains all units necessary to
the reclamation of atmospheric water: cooling and heating
registers (4, §), continuously variable high-performance
blowers (3), measuring and regulating instruments.

11. Device according to claam 6, wherein, for the
clfective, targeted and 1n advance calculable reclamation of
atmospheric water several water reclamation cells (2) are
serially connected.

12. Device according to claim 6, wherein, 1n the front of
the device, several continuously variable high-performance
blowers (3) are installed in the air intake openings (36) with

which the humid air masses are transportable into the water
reclamation cells.

13. Device according to claim 6, wherein, for the water
reclamation m the day-and-night-operation of the installa-
tion (50) combine heating registers (4) and cooling registers

(S) are used.

14. Device according to claim 6, wherein the heating
registers (8) during daytime operation are forcibly cooled by
the cooling registers (4) and during the nighttime operation
the cooling registers (4) are forcibly heated by the heating
registers (5).

15. Device according to claim 6, wherein the low tem-
perature prevailing during the night cools the coolants 1n the
offside cooling collectors (6) with which the cooling regis-
ters are supplied during the daytime operation.

16. Device according to claim 6, wherein the cooling
collectors (6) are equipped with additional cooling fins (19)
to enlarge the surface cross section and to increase cooling
efficiency.

17. Device according to claim 6, wherein the heat-
accumulating fluid during the day 1s heated by solar collec-
tors (8), which are also at some distance from the
installation, and can be fed to the heating registers during the
night.

18. Device according to claim 6, wherein multi-chamber
thermo-reservoirs (7) provide storage for coolants (57) or
explosion-prootf boiling oils or other heat-accumulating flu-
ids (60).

19. Device according to claim 6, wherein 1n the individual
thermo-chambers (24) different temperatures prevail, so that
the cooling and heating agents (57, 60) are always uniformly
fed to the heating and cooling registers (4, 5) at the pre-
scribed temperature difference of approximately 200 C (680
F), whereby the cooling or heating takes place with radiator
coils or area heat exchangers (25) and whereby this process
1s controlled electronically via merge valves.

20. Device according to claim 6, wherein the multi-
chamber thermo-reservoirs (7, 51, 53) are also arrayed apart
from the installation (50).

21. Device according to claam 6, wheremn the heat-
accumulating fluids (60) which are heated by the solar
collectors (8, 54) are stored in belowground or aboveground
multi-chamber thermo-reservoirs (7, 53).

22. Device according to claim 6, wherein the humid air
masses enter the water reclamation cells (2) at the front side
through the air intake openings (36), and exit these cells
dehumidified at the rear part of the roof through the air exit
openings (37).

23. Device according to claim 6, further comprising cold
water misting nozzles (17) arrayed in the area of the cooling
registers (4).

24. Device according to claim 6, wherein through the use
of several serially connected water reclamation cells (2) in
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connection with confinuously variable high-performance
blowers (3), a targeted, effective and in advance calculable
reclamation of atmospheric water takes place.

25. Device according to claim 6, further comprising left
and right side service doors (20) which allow trouble-free
access to the water reclamation cells (2) during service or
maintenance work.

26. Device according to claim 6, wherein the solar col-
lectors (8, 52, 54) can be pivoted mechanically,
electronically, or hydraulically by 45° at a time up to a total
of 315°.

27. Device according to claim 6, wherein photo-voltaic
equipment (40) supplies the device with necessary energy.

28. Device according to claim 27, wherein energy which
is supplied by the photo-voltaic installations (40) and which
1s necessary for the nighttime operation of the 1nstallation 1s
stored 1n one or several battery stations.

29. Device according to claim 6, wherein an emergency
back-up generator (42) heats the heat-accumulating fluid
(60) in case the solar cells (8, 53) fail.

30. Device according to claim 6, wherein the installation
for the water reclamation 1s designed i the shape of a
container, rectangle, or parallelepiped.

31. Device according to claim 6, wherein a multi-channel
regulation, which was specifically developed for this
purpose, controls, regulates, and monitors all operational
and switching activities 1nside and outside the installation
and reports possible malfunctions directly by radio to an
operational control room.

32. Device for the execution of a method for reclamation
of atmospheric water with a water reclamation chamber (1)
with water reclamation cells (2) and variable high-
performance blowers (3),

the method comprising:

cooling a coolant (§7) stored in a cooling reservoir (7, 51)

during nighttime operation, by means of cooling col-
lectors (6, 52), and

heating a heat-accumulating fluid (60) stored in a heat
reservoir (53) during daytime operation, by means of
solar collectors (8, 54),

wherein the coolant that 1s cooled during the night for the
purpose ol water reclamation cools, by day and/or
night, cooling registers through which air flows, and

g

herein, at said cooling registers, air 1s dehumidified,

hereby the heat-accumulating fluid (60) by day and/or
by night 1s used for the generation of energy for the
operation of equipment (50) and/or for the extraction of
walfter,

g

wherein the entire installation, in particular the high-
performance blowers (3), dosing and circulating
pumps, merge valves, measuring and regulating instru-
ments are regulated and/or controlled through elec-
tronic regulation,

wherein in each water reclamation cell (2) at least one
combined cooling register (4) and one heating register
(5) is installed, and several continuously variable high-
performance blowers (3) come into operation and in
particular also regulating, controlling and measuring
instruments are 1nstalled.

33. Device for the execution of a method for reclamation
of atmospheric water with a water reclamation chamber (1)
with water reclamation cells (2) and variable high-
performance blowers (3),

the method comprising:

cooling a coolant (§7) stored in a cooling reservoir (7, 51)
during nighttime operation, by means of cooling col-

lectors (6, 52), and
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heating a heat-accumulating fluid (60) stored in a heat
reservoir (53) during daytime operation, by means of
solar collectors (8, 54),

wherein the coolant that 1s cooled during the night for the
purpose ol water reclamation cools, by day and/or
night, cooling registers through which air flows, and

g

herein, at said cooling registers, air 1s dehumadified,

g

hereby the heat-accumulating fluid (60) day and/or by
night 1s used for the generation of energy for the
operation of equipment (50) and/or for the extraction of
water,

wherein the entire installation, in particular the high-
performance blowers (3), dosing and circulating
pumps, merge valves, measuring and regulating instru-
ments are regulated and/or controlled through elec-
tronic regulation,

wherein the humid air masses flow horizontally through
the voluminous, rectangular, and extremely humidity-
absorbing cooling registers (4) and heating registers

().

34. Device for the execution of a method for reclamation

of atmospheric water with a water reclamation chamber (1)

with water reclamation cells (2) and variable high-
performance blowers (3),

the method comprising;:
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cooling a coolant (§7) stored in a cooling reservoir (7, 51)
during nighttime operation, by means of cooling col-

lectors (6, 52), and

heating a heat-accumulating fluid (60) stored in a heat
reservoir (83) during daytime operation, by means of
solar collectors (8, 54),

wherein the coolant that 1s cooled during the night for the
purpose ol water reclamation cools, by day and/or
night, cooling registers through which air flows, and

g

herein, at said cooling registers, air 1s dehumidified,

hereby the heat-accumulating fluid (60) by day and/or
by night 1s used for the generation of energy for the
operation of equipment (50) and/or for the extraction of
walter,

g

wheremn the entire installation, in particular the high-
performance blowers (3), dosing and circulating
pumps, merge valves, measuring and regulating instru-
ments are regulated and/or controlled through elec-
tronic regulation,

wherein a large-scale cooling installation (14), a refrig-
erating machine (15), and the water tanks (16) are
positioned on the bottom of or apart from the device for
water reclamation.
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